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Statement of Intent
The intent of my Senior Integrative Project is to up-
root the contradiction between affordable design and 
environmentally-responsible design. The two are often 
at odds: sustainable design is expensive and affordable 
design is unsustainable. When conducting the research 
to undertake this project, my guiding question was 
primarily based in ethics: how can our moral duty to 
provide affordable housing to low-income families be 
reconciled with the ethical responsibility to secure a 
healthy future for our planet, and for future genera-
tions. I want to find a way to provide low-cost housing 
to low-income families, and also build in a way that has 
a low impact on the planet. My intent is to reconcile 
this contradiction through creative architectural design 
solutions.
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Introduction
As a country, we are in great need of both affordable housing 
and environmentally responsible design. 
Why we need affordable housing 
In 2010, the Harvard University Joint Center for Housing 
released a publication stating that nearly one in seven Amer-
icans are defined as bring severely burdened by the cost of 
their housing, meaning that they spend more than 50 per-
cent of their income on housing payments.1 By providing this 
sector of the population with more affordable housing, we 
can succeed in reducing the vast economic inequality in this 
country.
Why we need environmentally-sustainable housing 
In the United States, buildings account for 38 percent of our 
total carbon emissions (a larger percentage than the total 
transportation sector), 70 percent of total electricity used, 30 
percent of total raw materials used, and 25 percent of solid 
waste created.2 To ensure the health of our planet for gener-
ations to come, we need to design homes in such a way that 
reduces this environmental impact. 
Smart design
In this project I am focusing on alternative building materials. 
The outer skin of a building is typically the most expensive 
component. In reducing the costs of these outer building 
materials it is possible to significantly impact the overall cost 
of construction. In completing this project, I acknowledge that 
building with better materials is only part of the solution; 
building truly low-cost and sustainable houses means rethink-
ing the way we design our homes.
The best solutions are simple. We need to build smaller, ex-
changing square footage for higher quality materials, so as to 
create comfortable, interesting spaces. Many homes built to-
day are enormous in proportion to our human bodies, making 
residents feel isolated and uncomfortable. We need to design 
regionally-specific homes that temper existing weather condi-
tions, not work against them. Rather than overpowering the 
elements with energy-intensive technology, designers need to 
relearn how to take advantage of the best aspects of a local 
climate while minimizing the worst. This is passive design: 
design that is not dependent on energy-intensive technology 
to be comfortable. There are many design elements that can 
be incorporated with passive design:
>  Building small: smaller homes cost less to heat and cool.
    
>  Capitalizing of daylight: designs should maximize the winter 
sun and reduce the powerful heat of afternoon sun.
>  Natural ventilation: this effect can be achieved by strategi-
cally placing operable windows and doors to direct airflow on 
a site. 
>  Selectively used heat gain: best achieved through window 
placement. A north/south orientation is typically best with 
most windows facing south. It is best to minimize windows 
facing west to prevent excessive heat gain in the afternoon. 
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Building with Reclaimed Lumber 
And other recycled materials
To build in a more environmentally responsible way that costs 
less, it is imperative to explore building with recycled materi-
als. In any structure that is ready to be dismantled, many or 
most of the materials can be salvaged and reused in a new 
home construction project. This environmentally friendly 
process is called “deconstruction” in contrast to demolition 
which send tons of debris to landfills.3 With deconstruction, 
a building is taken apart in a way so that every component of 
the building that can be reused, re-purposed or recycled. The 
process of recycling is inherently sustainable because it both 
reduces the amount of resources necessary to produce new 
building materials, and re-using these already-made materials 
means we can produce less waste.  It is especially important 
to recycle lumber. The EPA estimates that more than a billion 
board feet of lumber is simply thrown away each year.4 Apart 
from the environmental and economic advantages to building 
with reclaimed lumber, this type of old-growth wood is often 
more structurally sound compared with lumber on the market 
today. 
Old growth forests have been over-logged for centuries and 
there are very few of these old forests left. Conservation 
efforts offer the solution of “managing” forests, the outcome 
of which is forests full of “new growth” trees. Today, the lum-
ber that we build with is usually logged from these relatively 
young forests. The difference in density and stability of a new 
growth tree compared to an old growth tree is large.
Over time, trees have to withstand the forces of nature - 
strong winds, inclement weather, shifting terrain -  all of these 
factors make a tree stronger. Because there was less carbon 
dioxide in the atmosphere when old-growth trees were 
planted, the trees grew much more slowly. That slow growth 
created a dense cellular structure and is why many old growth 
barn timbers have held up for hundreds of years.5
Figure 1
Building with salvaged materials costs between 10 and 50 
percent less than buying comparable new materials.6 In some 
cases, the owner of an dilapidated building will allow people 
to simply take whatever they can safely remove. This makes 
the take-down process a little easier for the owner, with less 
material to deal with, and the person salvaging receives the 
materials that cost nothing more than time and labor. This 
process of finding and re-using, like rammed earth construc-
tion, is more time-intensive that building with store-bought, 
new materials, its takes research and planning, but the out-
comes are well worth the added time and consideration that 
goes into a building. 
Wood is the most commonly salvaged material because it is 
so ubiquitous in both old and new construction. Wood can be 
salvaged from all different areas of a building: siding, struc-
tural timbers, existing wood flooring, interior paneling, doors, 
etc.7  Reclaimed lumber, depending on its makeup can be 
used as both a structural and non-structural building mate-
rial. The best reclaimed portions to use as structural support 
are old timbers and beams. These pieces of wood they are so 
inherently sturdy and sound because when there were first 
employed, they were harvested from the strongest among 
a forest of the old-growth trees. As such, reclaimed timber 
often exceeds the structural qualities necessary to meet local 
building codes because codes now are based on much young-
er and less sturdy trees.  
However, not all reclaimed timbers can be grade-stamped at 
their original grade level due to bolt holes or other conditions. 
An architect or structural engineer should perform load and 
bearing calculations before beginning construction.
The most affordable method of salvaging materials is to find 
an abandoned building (or part of a building that is being 
redone or renovated) and an owner who is willing to have 
materials salvaged at no cost. This option is the most labor 
intensive and requires following proper safety precautions. 
The second best option, which is much less labor intensive, is 
to find a local retail or wholesale salvage company. There are 
numerous reclaimed lumber companies here in Connecticut, 
such as Armster Reclaimed Lumber in Guilford, CT or Con-
necticut River Lumber Co., in Old Saybrook, CT. 
Building with reclaimed lumber entails doing research, and 
such, any homebuilder should look at the amount of prep 
work that would be required to make the material project 
ready. If the wood is being salvaged from an abandoned build-
ing, it is important to first know the history of that building. 
Unfinished wood in an early twentieth century factory may 
have been exposed to high levels of toxic chemicals. Before 
using any material it is critical to check for structural integrity 
and any obvious signs of damage.
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Sourcing and Construction
The Backyard House
In building the Backyard House in Portland, OR, the architect 
Morgan Lea was inspired by Bernard Maybeck’s 1931 “Mis-
take House” at Principia College in Elsah, Illinois8  which was 
built with multiple, varying materials to display the different 
types of construction used in building the College. The Back-
yard House has a similar function. It is both a small house 
and a display of how building with reclaimed lumber is both a 
sustainable and affordable method of construction. The wood 
for the house was donated by three local barns in Oregon and 
the copper roof was found by the architect on craigslist.
Figure 2 Figure 3
Eco-friendly Prefabricated Construction 
Prefabrication: background and today
Prefabricated construction involves the transportation of 
building parts manufactured in a factory to a site where 
they can be assembled into a finished building. There are 
examples of this type of construction in America as early as 
the early English settlement in Cape Ann, MA, where they 
made panelized fishing sheds in 1624.9 The real increase in 
this type of building came with the Industrial Revolution, 
as industrialized, mass-produced materials typically lend 
themselves to prefab construction. Elements such as cast 
iron, structural steel, large sheets of glass can be manufac-
tured off site, and then easily assembled on site. Between 
1908 and 1940, catalog giant Sears Roebuck and Company 
sold more than 100,000 prefab home kits to Americans.10
Figure 4
After WWII, the government subsidized prefabricated hous-
ing. It was quick and economical in a time of increased hous-
ing demand in the U.S. However, as time passed, people 
began to associate prefab housing with cheap, inferior quality 
housing and bad design.11 
Today, with so many people severely burdened by their hous-
ing costs we have a similar need for affordable housing. And 
with the increased impact that humans and housing place 
on the natural environment, that affordable housing needs 
to be environmentally conscious as well. Eco-friendly prefab 
“explores the intersection of sustainable design, affordable 
housing and prefabricated construction”.12 It involves the cre-
ation of prefabricated homes that are regionally-specific, use 
natural ventilation and lighting and are built with sustainable 
and locally-sourced materials in a factory setting and then 
transported to site. 
Modular Technology
The process of off-site modular construction is inherently sus-
tainable. There is less energy consumed because workers are 
not traveling to the site and from the site for the duration of 
the construction process. With modular construction, building 
materials can be used more completely, and more efficiently, 
producing less waste. Building in a factory allows for precision 
cutting, so each cut is done right the first time. Modular home 
construction achieves 50 to 70 percent less waste compared 
with on site-construction.13 The finished modular product is 
more tightly constructed and thus more energy-efficient than 
a site-built home.
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Built Example
As manufacturing technology has advanced, residential design 
has pursued more complex prefab components. Today, com-
plete homes or engineered modules can be built off-site in a 
climate controlled factory environment, and then transported 
on trucks, ferries or trains to a building site, where they are 
set onto a site-built foundation.14 This method of construction 
is much more time-efficient than regular onsite construction. 
When Michelle Kaufmann, author or PreFab Green, and her 
husband decided to build their modular home they did a 
comparison between the two building types -  between offsite 
and onsite construction. They found that the offsite home not 
only took significantly less time to build, but they were also 
able to build their home at a cost of 15 percent less than a 
site-built house.15
Customization and Construction
In the prefabrication process, customization can happen at 
many levels. This individuality starts with the floor plan and 
also includes roof type and materials used. A modular home is 
constructed from the inside out. This technique, in a factory, 
allows many people to work on different aspects of the house 
at the same time, including inspectors to review each step of 
the home building process to ensure the highest quality. 
The most affordable prefabricated construction technique is 
to build with Structurally Insulated Panels (SIP’S). SIP’s are 
a high performance building system for residential and light 
commercial construction. The panels consist of an insulating 
foam core (EPS) sandwiched between two structural facings, 
typically oriented strand board (OSB).  SIPs are manufactured
under factory controlled conditions, reducing waste at the 
construction site.16
Figure 5
Building with SIP’s generally costs about the same as building 
with wood frame construction when you factor in the labor 
savings resulting from shorter construction time and less job 
site waste.  Other savings are realized because smaller heat-
ing and cooling systems are required with SIP construction.”17
Ensuring that prefabricated, modular housing has potential as 
a low-cost and environmentally-responsible building method 
entails rethinking the materials used. There are many pre-
fabrication companies in Connecticut who pride themselves 
on being environmentally responsible and would be open to 
incorporating sustainable elements like SIP’s and reclaimed 
lumber into their modular homes. 
Prefab homes as the way of the future
Prefabrication and modular technology offers an educational 
opportunity. Alastair Parvin developed WikiHouse, an open-
source construction system. His system contradicts the age-
old trend in architecture that is to design for about the richest 
one percent of the world’s population. Parvin’s idea behind 
WikiHouse is to switch that model from the one percent to 
the 100 percent. He offers a solution to this problem through 
the democratization of production, an idea inherent in com-
munist and socialist theories. To make production democratic, 
Parvin come up with the idea of open source software and 
open source hardware, which are freely shared blueprints of 
houses that anyone can download and make for themselves. 
In Parvin’s words:
“What these technologies are doing is radically lowering the thresh-
olds of time and cost and skill. They’re challenging the idea that if 
you want something to be affordable it’s got to be one-size-fits-all. 
And they’re distributing massively really complex manufacturing 
capabilities. We’re moving into this future where the factory is 
everywhere, and increasingly that means that the design team is 
everyone. That really is an industrial revolution. And when we think 
that the major ideological conflicts that we inherited were all based 
around this question of who should control the means of pro-
duction, and these technologies are coming back with a solution: 
actually, maybe no one. All of us.”18
His idea is to make it possible for anyone to go online and 
access a free shared library of 3D models of houses, that 
can be printed out in modular sections using a CNC machine 
which cuts plywood into predetermined shapes. All the parts 
are numbered and can be put together using wedge and peg 
connections rather than using bolts. In Parvin’s model, a team 
of two or three people can build a small house in about a day 
without any traditional construction skills, and without a huge 
array of power tools. This is truly the model of affordable and 
sustainable construction of the future, one that is available to 
anyone.
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Local Focus: Habitat for Humanity Co-housing Community 
Norwich, CT
Associated with each of the design solutions that I have 
researched is a re-conception of traditional housing con-
struction. We need to reconsider the materials with which 
we build our homes, and the scale at which we build 
them. A truly sustainable design is not one that is out of 
reach of the average citizen. Sustainable design needs to 
be affordable, use less resources and less space. 
To give my research a local design focus, I worked with 
the Eastern CT chapter of Habitat for Humanity to create 
a design for a co-housing community that will be built in 
Norwich, CT. My design evolved over the course of the 
semester in consideration of the site, of the desired size 
of the community, and in attempt to choose the most 
sustainable building materials, environmentally and eco-
nomically.  Inspiration for my design includes co-housing 
communities that I visiting during my semester abroad in 
Copenhagen, Denmark, and was also guided by the philos-
ophy behind and the birthplace of HFH, Koinonia Farms. 
My proposal for this 8 home community explores the 
option of using reclaimed lumber for the exterior siding 
of my houses, and SIP’s as the framework construction 
method. For structures built with reclaimed lumber this 
type of factory-based, modular construction makes the 
most sense because many of the reclaimed pieces of 
wood need to be re-cut to fit specific needs, and this is 
more easily done indoors in a factory, rather than onsite.  
Prefabrication makes a lot of sense environmentally and 
economically, but especially in terms of multi-family hous-
ing designs such as the community of homes in Norwich. 
To build in a more environmentally responsible way that costs 
less, it is imperative to explore building with recycled materi-
als. In any structure that is ready to be dismantled, many or 
most of the materials can be salvaged and reused in a new 
home construction project. This environmentally friendly 
process is called “deconstruction” in contrast to demolition 
which send tons of debris to landfills. With deconstruction, a 
building is taken apart in a way so that every component of 
the building that can be reused, re-purposed or recycled. The 
process of recycling is inherently sustainable because it both 
reduces the amount of resources necessary to produce new 
building materials, and re-using these already-made materials 
means we can produce less waste.  It is especially important 
to recycle lumber. The EPA estimates that more than a billion 
board feet of lumber is simply thrown away each year.36 Apart 
from the environmental and economic advantages to building 
with reclaimed lumber, this type of old-growth wood is often 
more structurally sound compared with lumber on the market 
today. 
Old growth forests have been over-logged for centuries and 
there are very few of these old forests left. Conservation 
efforts offer the solution of “managing” forests, the outcome 
of which is forests full of “new growth” trees. Today, the lum-
ber that we build with is usually logged from these relatively 
young forests. The difference in density and stability of a new 
growth tree compared to an old growth tree is large.
Habitat for Humanity families often work full time and as 
such, the materials used in their homes must be long-lasting 
and low maintenance, as they do not have the time or the 
money for upkeep of materials. My design employs SIP con-
struction with metal roofing. Compared with other types of 
roofing, metal roofs are low-cost and sustainable. Metal roof-
ing is protected by highly durable paints and coating, ensuring 
a lifetime of 40 years of more and protection against severe 
weather. Metal roofing contains 25-95% recycled materials 
and is virtually 100% recyclable. Metal is also very energy 
efficient. ENERGY STAR-labeled metal helps lower heating and 
cooling costs.19
In my design, many of the dwellings are attached, meaning 
that total material and land usage can be reduced, and many 
energy systems can be shared. The eight acre site has space 
left over to leave as a central, shared courtyard. 
Design Inspiration and Evolution
Galgebakken community, Denmark
Jystrup Savværk co-housing community,
Denmark
Koinania Farm
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Statement of Intent
The intent of my Senior Integrative Project is to uproot 
the contradiction between affordable design and en-
vironmentally-responsible design. The two are often 
at odds: sustainable design is expensive and afford-
able design is unsustainable. When conducting the re-
search to undertake this project, my guiding question 
was primarily based in ethics: how can our moral duty 
to provide affordable housing to low-income families 
be reconciled with the ethical responsibility to secure 
a healthy future for our planet, and for future genera-
tions. I want to find a way to provide low-cost housing 
to low-income families that still considers the needs 
of the planet. My intent is to reconcile this contradic-
tion through creative architectural design solutions.
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1
Introduction
As a country, we are in great need of both affordable housing 
and environmentally responsible design. 
Why we need affordable housing 
In 2010, the Harvard University Joint Center for Housing re-
leased a publication stating that nearly one in seven Americans 
are defined as bring severely burdened by the cost of their 
housing, meaning that they spend more than 50 percent of 
their income on housing payments.1 By providing this sector 
of the population with more affordable housing, we can suc-
ceed in reducing the vast economic inequality in this country.
Why we need environmentally-sustainable housing 
In the United States, buildings account for 38 percent of 
our total carbon emissions (a larger percentage than the 
total transportation sector), 70 percent of total electrici-
ty used, 30 percent of total raw materials used, and 25 per-
cent of solid waste created.2 To ensure the health of our 
planet for generations to come, we need to design homes 
in such a way that reduces this environmental impact. 
Smart design
In this project I am focusing on alternative building materi-
als. The outer skin of a building is typically the most expen-
sive component. In reducing the costs of these outer building 
materials it is possible to significantly impact the overall cost 
of construction. In completing this project, I acknowledge 
that building with better materials is only part of the solution; 
building truly low-cost and sustainable houses means rethink-
ing the way we design our homes.
The best solutions are simple. We need to build smaller, ex-
changing square footage for higher quality materials, so as to 
create comfortable, interesting spaces. Many homes built to-
day are enormous in proportion to our human bodies, making 
residents feel isolated and uncomfortable. We need to design 
regionally-specific homes that temper existing weather condi-
tions, not work against them. Rather than overpowering the 
elements with energy-intensive technology, designers need 
to relearn how to take advantage of the best aspects of a lo-
cal climate while minimizing the worst. This is passive design: 
design that is not dependent on energy-intensive technology 
to be comfortable. There are many design elements that can 
be incorporated with passive design, such as natural venti-
lation and selectively used heat gain. By building our houses 
smaller,  considering the conditions of the local environment 
and capitalizing on these natural forms of energy, it is possi-
ble to significantly reduce financial and environmental costs. 
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Preface
This past summer I worked as an intern at Root Studio, an 
architecture firm in the city of Oaxaca, Mexico. The solu-
tion that Root Studio applies to the issue of designing low-
cost and sustainable homes is not a new idea, as civiliza-
tions have been building this way for thousands of years. 
In much of Mexico there is a rich, cultural tradition of architec-
tural construction that is inherently low-cost and sustainable 
because the core material is earth. Adobe is one of the oldest 
building materials. This type of construction is durable, sus-
tainable and low-cost. By building with a local, and basically 
free material, many rural and impoverished villages in Mexico 
have been able to sustain and develop. Despite the advan-
tages of adobe as a building material, adobe is being progres-
sively replaced by industrial materials. These modern, indus-
trial materials, such as steel, concrete and glass lack context 
in the Mexican climate, landscape and vernacular tradition. 
With this process of modernization, indigenous peoples are 
losing the skills to build in the traditional methods. This pro-
cess is especially concerning in areas with limited resources.3 
The mission of Root Studio is to reinstate and reteach the 
traditional building methods of Southern Mexico to the 
people that live there. By doing this they are promoting 
an architecture that is sustainable in terms of cost and re-
sources and at the same time, empowering a culture by teach-
ing them the skills necessary to build their own homes and 
cities, and building in a way that has a very low impact on 
the natural environment. 
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Figure 1: Internship with Root Studio
My internship with Root Studio laid the groundwork for 
my research. Adobe block construction relies on a hot, dry 
climate. The inspiration for my project was to explore how 
this type of construction could be done successfully in the 
wet, temperate climate of the Northeastern United States. 
Following are three building solutions that are low-cost and 
environmentally responsible. 
My first case study of alternative construction involves 
rammed earth. My experience in Mexico spiked my interest 
in earth construction techniques. With Root Studio I was 
able to witness and be a part of this type of low-cost, sus-
tainable construction. Rammed earth construction is very 
similar to adobe construction, but, because of the qualities 
of the earthen mixture and the actual methods of building, 
it is more suitable to a Northern climate. In the following 
section I will present my research on the viability of insulat-
ed rammed earth construction in a cold, wet climate.
I was drawn to recycled wood as my second design solution 
because of the vast of amount of reclaimed lumber that is 
currently available in this part of the country. In the nine-
teenth and twentieth centuries, the vast majority of 
houses and barns were built out of wood that was harvest-
ed from old growth forests. This wood is inherently much 
stronger than the wood that we build with today which is 
harvested from much younger trees. 
Many of these homes and barns are still standing or need 
to be torn down leaving a plentiful source of recycled wood 
that we can reuse to build new homes today.
My third case study is eco-friendly modular construction. 
Advancements in technology have made modular home 
construction more environmentally sustainable, more 
affordable, and more beautiful. This is a very important 
option to explore for high quality housing when time is an 
issue, as modular construction takes a third less time than 
on site construction. Modular construction is less labor 
intensive compared with the two previous building options. 
It often involves materials that require little maintenance, 
a very important factor for low income families who do 
not have the time or money for maintenance and improve-
ments. 
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Traditionally, rammed earth structures have been built in dry, 
semi-arid to arid climates. Today, we are globally seeing a de-
mand for both low-cost and sustainable residential architec-
ture and so it is important to analyze the viability of rammed 
earth construction in regions of varying climatic types.
Rammed earth is similar to adobe block construction in that 
the main material in its composition is earth. Unlike ado-
be buildings, which are built with a brick-like formation of 
layered adobe blocks, a rammed earth structure is built by 
tightly compacting layers of an earthen mixture between 
rigid wooden frames, and then removing the frames once 
the earth is sufficiently packed down. Like adobe construc-
tion, the building materials ideally are collected entirely 
from the construction site, making the building method an 
environmentally-sustainable and cost-effective technique. 
The rammed earth process begins with soil selection. 
To give cohesion, stability and strength to a wall there 
must be an appropriate ratio of sand, gravel and clay 
in the earthen material.4 Ideally, the ratio consists of :
 15-18% clay
 23% coarse aggregate
 30% sand 
 32% silt. 
These materials are compacted with special tools to cre-
ate walls that are durable, low-cost, completely sustainable 
and, if properly maintained, can last for many centuries.
Rammed Earth for a Cold, Wet Climate
A new look at the oldest and most widely used building material on earth
Figure 2: Adobe Figure 3: Rammed Earth
Figure 4 : Rammed earth construction process
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Rammed earth construction is inherently sustainable and afford-
able because the building is made from natural materials gath-
ered on site. Walls can be constructed from the earth dug for the 
foundation of a building. This reduces a considerable amount of 
pollution from mining or deforestation that would be necessary 
with other types of construction, and also reduces the environ-
mental and economic cost of transporting materials to the site. 
Structures made from rammed earth are highly recyclable. Earthen 
buildings can be abandoned and their ruins will simply melt back 
into the ground from where they were dug. Remains can be used 
to grow vegetation or be re-used again as a building material.5
To analyze the viability of rammed earth as a building enve-
lope in a cold, wet climate such as Connecticut, there are nu-
merous factors that need to be considered. These factors in-
clude the design’s ability to resist thermal losses, to prevent 
air infiltration, to provide a high indoor air quality, to control 
moisture condensation and infiltration, and the availability of 
local materials, all under that specific climate environment.6
Thermal mass
A dual economic and environmental benefit of rammed earth is 
its excellent thermal mass properties. Thermal mass is the abili-
ty to absorb heat during warm periods and release it over cool-
er periods that follow. With such high thermal mass, rammed 
earth buildings can maintain comfortable interior tempera-
tures without the need for heating and cooling, in the pro-
cess saving money and reducing dependence on fossil fuels.7
 
Environmental and Economic Advantages    Analysis of Rammed Earth in a Cold Climate
Figure 5: A modern rammed earth house in Wyoming
 Figure 6
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Moisture control
In this climate, rammed earth structures, just like any other 
masonry building, need both a proper concrete foundation 
that extends below the freeze line, and some sort of exterior 
coating to protect from rain and snow. As for the latter issue, 
the effect of precipitation 
falling upon rammed earth 
is not as damaging as one 
might think. In 1926, the U.S. 
Department of Agriculture 
released a publication 
titled “Rammed Earth Walls 
for Buildings” discussing the 
viability of rammed earth 
to withstand in differing 
climates. This publication 
recommends some form of 
exterior finishing for rammed 
earth walls, but also provides 
examples of rammed earth 
structures that have withstood many winters in England with 
no protection.8 The USDA recommends “a liquid waterproofing 
mixture, such as a solution of silicate of soda, a lime wash made 
with boiling water, hot coal tar or a solution of bitumen, resin 
or paraffin in light oils.”9 This finishing will increase compressive 
strength and water resistance, and reduce the soil’s expansion 
due to ambient moisture or precipitation.10 The capability of 
rammed earth to withstand rainfall can be increased by adding a 
larger clay ratio to the mixture, and with proper roof overhangs. 
Insulation
Just as with any other building material in this climate, rammed 
earth structures in this part of the country would need to be 
insulated to obtain the proper thermal retention rate or R-val-
ue. This combination of rammed earth and insulation incor-
porates low thermal conductivity and high thermal mass. 
Having low thermal conductivity (high thermal resistance) 
means that in the winter, cold temperatures cannot permeate 
the interior of the house, giving the structure thermal insula-
tion. A material that has high thermal mass means that it has 
the ability for the walls to absorb heat and release heat. The 
combination of these two properties, and these two materi-
als, makes rammed earth a viable option for cold climates.11 
In British Columbia, SIREWALL (stabilized insulated rammed 
earth wall) has developed an insulated rammed earth wall that 
is suitable to the cold, wet climate of western Canada. In this sys-
tem, a rammed earth wall is typically 18″ to 24″ thick, stabilized 
with compacted earth and rebar, and with 4″ of rigid insulation 
hidden in the center of the wall.12 The company generally uses a 
polyisocyanurate foam as the insulation material in the core of 
the wall. The SIREWALL system achieves an R-value of R-33 and 
higher and their walls are resistant to 2,500 pounds per square 
inch of pressure washer.13 On the following page is a diagram 
from the SIREWALL system website detailing the makeup of this 
method of construction including insulation and foundation.
  Analysis of Rammed Earth in a Cold Climate
Figure 7: Foundation below freeze line
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SIREWALL has been building rammed earth residential and commer-
cial structures in the cold, wet climate of British Columbia for over 
twenty years. In the following section I present two examples of 
rammed earth structures built in the similar climate of New England.
Joe Dahmen, MIT
Before building his wall in the summer of 2005, Dahmen conducted exten-
sive research to determine if local New England soil would be appropriate 
for rammed earth construction. Dahmen concluded that the best option 
was to use a combination of marine clay, a type of clay found in coastal re-
gions, mixed with commercially available, locally produced sand and gravel.14 
The wall is protected from rain and snow by a steel cap on top of the wall. 
Figure 8 Figure 9
Local Examples 
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Local Examples 
Rammed earth home in Salisbury Cove, ME
Another example of successful rammed earth construction is Susan 
Turner and Karl Karnacky’s rammed earth home in Salisbury Cove, ME. 
The couple built their home on the coast of Maine after years of re-
search. Like Dahmen’s project at MIT, the rammed earth composition 
used to build this house was high in marine clay content. About one-
third of the soil excavated for the house’s foundation was reused for 
construction and the rest was composed with local soil. For insulation, 
the couple employed the SIREWALL construction system (see Figure 
8), which places the 4” of foam insulation between two sections of 
rammed earth wall. This type of construction is visible in the previous
image (Figure 11). 
Figure 10
Figure 11
Figure 12 9
Building with Reclaimed Lumber 
And other recycled materials
To build in a more environmentally responsible way that costs 
less, it is imperative to explore building with recycled materials. 
In any structure that is ready to be dismantled, many or most 
of the materials can be salvaged and reused in a new home 
construction project. This environmentally friendly process is 
called “deconstruction” in contrast to demolition which send 
tons of debris to landfills.15 With deconstruction, a building is 
taken apart in a way so that every component of the build-
ing that can be reused, re-purposed or recycled. The process 
of recycling is inherently sustainable because it both reduces 
the amount of resources necessary to produce new building 
materials, and re-using these already-made materials means 
we can produce less waste.  It is especially important to recy-
cle lumber. The EPA estimates that more than a billion board 
feet of lumber is simply thrown away each year.16 Apart from 
the environmental and economic advantages to building with 
reclaimed lumber, this type of old-growth wood is often more 
structurally sound compared with lumber on the market today. 
Old growth forests have been over-logged for centuries and 
there are very few of these old forests left. Conservation ef-
forts offer the solution of “managing” forests, the outcome 
of which is forests full of “new growth” trees. Today, the 
lumber that we build with is usually logged from these rela-
tively young forests. The difference in density and stability of 
a new growth tree compared to an old growth tree is large.
Over time, trees have to withstand the forces of nature - 
strong winds, inclement weather, shifting terrain -  all of 
these factors make a tree stronger. Because there was less 
carbon dioxide in the atmosphere when old-growth trees 
were planted, the trees grew much more slowly. That slow 
growth created a dense cellular structure and is why many 
old growth barn timbers have held up for hundreds of years.17
Figure 13
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Building with salvaged materials costs between 10 and 50 per-
cent less than buying comparable new materials.18 In some 
cases, the owner of an dilapidated building will allow people to 
simply take whatever they can safely remove. This makes the 
take-down process a little easier for the owner, with less mate-
rial to deal with, and the person salvaging receives the materi-
als that cost nothing more than time and labor. This process of 
finding and re-using, like rammed earth construction, is more 
time-intensive that building with store-bought, new materials, 
its takes research and planning, but the outcomes are well worth 
the added time and consideration that goes into a building. 
Wood is the most commonly salvaged material because it is 
so ubiquitous in both old and new construction. Wood can be 
salvaged from all different areas of a building: siding, structural 
timbers, existing wood flooring, interior paneling, doors, etc.19  
Reclaimed lumber, depending on its makeup can be used as 
both a structural and non-structural building material. The best 
reclaimed portions to use as structural support are old timbers 
and beams. These pieces of wood they are so inherently sturdy 
and sound because when there were first employed, they were 
harvested from the strongest among a forest of the old-growth 
trees. As such, reclaimed timber often exceeds the structur-
al qualities necessary to meet local building codes because 
codes now are based on much younger and less sturdy trees. 
However, not all reclaimed timbers can be grade-stamped 
at their original grade level due to bolt holes or other con-
ditions. An architect or structural engineer should perform 
load and bearing calculations before beginning construction.
The most affordable method of salvaging materials is to find 
an abandoned building (or part of a building that is being re-
done or renovated) and an owner who is willing to have ma-
terials salvaged at no cost. This option is the most labor in-
tensive and requires following proper safety precautions. 
The second best option, which is much less labor intensive, 
is to find a local retail or wholesale salvage company. There 
are numerous reclaimed lumber companies here in Con-
necticut, such as Armster Reclaimed Lumber in Guilford, 
CT or Connecticut River Lumber Co., in Old Saybrook, CT. 
Building with reclaimed lumber entails doing research, and 
such, any homebuilder should look at the amount of prep 
work that would be required to make the material proj-
ect ready. If the wood is being salvaged from an aban-
doned building, it is important to first know the history of 
that building. Unfinished wood in an early twentieth cen-
tury factory may have been exposed to high levels of tox-
ic chemicals. Before using any material it is critical to check 
for structural integrity and any obvious signs of damage.
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 Sourcing and Construction
The Backyard House
In building the Backyard House in Portland, OR, the architect 
Morgan Lea was inspired by Bernard Maybeck’s 1931 “Mis-
take House” at Principia College in Elsah, Illinois20  which was 
built with multiple, varying materials to display the different 
types of construction used in building the College. The Back-
yard House has a similar function. It is both a small house and 
a display of how building with reclaimed lumber is both a sus-
tainable and affordable method of construction. The wood 
for the house was donated by three local barns in Oregon 
and the copper roof was found by the architect on craigslist.
Figure 14 Figure 1512
Built Example
Eco-friendly Prefabricated Construction 
Prefabrication: background and today
Prefabricated construction involves the transportation of build-
ing parts manufactured in a factory to a site where they can be 
assembled into a finished building. There are examples of this 
type of construction in America as early as the early English set-
tlement in Cape Ann, MA, where they made panelized fishing 
sheds in 1624.21 The real increase in this type of building came 
with the Industrial Revolution, as industrialized, mass-produced 
materials typically lend themselves to prefab construction. El-
ements such as cast iron, structural steel, large sheets of glass 
can be manufactured off site, and then easily assembled on site. 
Between 1908 and 1940, catalog giant Sears Roebuck and Com-
pany sold more than 100,000 prefab home kits to Americans.22
Figure 16
After WWII, the government subsidized prefabricat-
ed housing. It was quick and economical in a time of in-
creased housing demand in the U.S. However, as time 
passed, people began to associate prefab housing 
with cheap, inferior quality housing and bad design.23 
Today, with so many people severely burdened by their housing 
costs we have a similar need for affordable housing. And with 
the increased impact that humans and housing place on the 
natural environment, that affordable housing needs to be envi-
ronmentally conscious as well. Eco-friendly prefab “explores the 
intersection of sustainable design, affordable housing and pre-
fabricated construction”.24 It involves the creation of prefabri-
cated homes that are regionally-specific, use natural ventilation 
and lighting and are built with sustainable and locally-sourced 
materials in a factory setting and then transported to site. 
Modular Technology
The process of off-site modular construction is inherently 
sustainable. There is less energy consumed because work-
ers are not traveling to the site and from the site for the du-
ration of the construction process. With modular construc-
tion, building materials can be used more completely, and 
more efficiently, producing less waste. Building in a facto-
ry allows for precision cutting, so each cut is done right the 
first time. Modular home construction achieves 50 to 70 
percent less waste compared with on site-construction.25 
The finished modular product is more tightly construct-
ed and thus more energy-efficient than a site-built home.
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As manufacturing technology has advanced, residential design 
has pursued more complex prefab components. Today, com-
plete homes or engineered modules can be built off-site in a cli-
mate controlled factory environment, and then transported on 
trucks, ferries or trains to a building site, where they are set onto 
a site-built foundation.26 This method of construction is much 
more time-efficient than regular on site construction. When 
Michelle Kaufmann, author of PreFab Green, and her husband 
decided to build their modular home they did a comparison 
between the two building types -  between off site and on site 
construction. They found that the off site home not only took 
significantly less time to build, but they were also able to build 
their home at a cost of 15 percent less than a site-built house.27
Customization and Construction
In the prefabrication process, customization can happen at 
many levels. This individuality starts with the floor plan and 
also includes roof type and materials used. A modular home 
is constructed from the inside out. This technique, in a factory, 
allows many people to work on different aspects of the house 
at the same time, including inspectors to review each step 
of the home building process to ensure the highest quality. 
The most affordable prefabricated construction technique is 
to build with Structurally Insulated Panels (SIP’S). SIP’s are a 
high performance building system for residential and light 
commercial construction. The panels consist of an insulating 
foam core (EPS) sandwiched between two structural facings, 
typically oriented strand board (OSB).  SIP’s are manufactured
under factory controlled conditions, reducing waste at the 
construction site.51
Figure 17
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Building with SIP’s generally costs about the same as building 
with wood frame construction when you factor in the labor 
savings resulting from shorter construction time and less job-
site waste.  Other savings are realized because smaller heat-
ing and cooling systems are required with SIP construction.”28
Ensuring that prefabricated, modular housing has poten-
tial as a low-cost and environmentally-responsible build-
ing method entails rethinking the materials used. There 
are many prefabrication companies in Connecticut who 
pride themselves on being environmentally responsible 
and would be open to incorporating sustainable elements 
like SIP’s and reclaimed lumber into their modular homes. 
Prefab homes as the way of the future
Prefabrication and modular technology offers an educational 
opportunity. Alastair Parvin developed WikiHouse, an open-
source construction system. His system contradicts the age-old 
trend in architecture that is to design for about the richest one 
percent of the world’s population. Parvin’s idea behind Wiki-
House is to switch that model from the one percent to the 100 
percent. He offers a solution to this problem through the de-
mocratization of production, an idea inherent in communist and 
socialist theories. To make production democratic, Parvin come 
up with the idea of open source software and open source hard-
ware, which are freely shared blueprints of houses that anyone 
can download and make for themselves. In Parvin’s words:
What these technologies are doing is radically lowering the thresh-
olds of time and cost and skill. They’re challenging the idea that if 
you want something to be affordable it’s got to be one-size-fits-all. 
And they’re distributing massively really complex manufacturing 
capabilities. We’re moving into this future where the factory is 
everywhere, and increasingly that means that the design team is 
everyone. That really is an industrial revolution. And when we think 
that the major ideological conflicts that we inherited were all based 
around this question of who should control the means of pro-
duction, and these technologies are coming back with a solution: 
actually, maybe no one. All of us.29
His idea is to make it possible for anyone to go online and access 
a free shared library of 3D models of houses, that can be print-
ed out in modular sections using a CNC machine which cuts 
plywood into predetermined shapes. All the parts are num-
bered and can be put together using wedge and peg connec-
tions rather than using bolts. In Parvin’s model, a team of two 
or three people can build a small house in about a day without 
any traditional construction skills, and without a huge array of 
power tools. This is truly the model of affordable and sustain-
able construction of the future, one that is available to anyone.
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Local Focus: Habitat for Humanity Co-housing Community 
Norwich, CT
Associated with each of the design solutions that I have 
researched is a re-conception of traditional housing con-
struction. We need to reconsider the materials with 
which we build our homes, and the scale at which we 
build them. A truly sustainable design is not one that is 
out of reach of the average citizen. Sustainable design 
needs to be affordable, use less resources and less space. 
To give my research a local design focus, I worked with the 
Eastern CT chapter of Habitat for Humanity to create a design 
for a co-housing community that will be built in Norwich, CT. 
My design evolved over the course of the semester in 
consideration of the site, of the desired size of the com-
munity, and in attempt to choose the most sustainable 
building materials, environmentally and economically.  My 
proposal for this 8 home community explores the option 
of using reclaimed lumber for the exterior siding of my 
houses, and SIP’s as the framework construction meth-
od. For structures built with reclaimed lumber this type 
of factory-based, modular construction makes the most 
sense because many of the reclaimed pieces of wood 
need to be re-cut to fit specific needs, and this is more 
easily done indoors in a factory, rather than onsite.  Pre-
fabrication makes a lot of sense environmentally and eco-
nomically, but especially in terms of multi-family hous-
ing designs such as the community of homes in Norwich. 
To build in a more environmentally responsible way that costs 
less, it is imperative to explore building with recycled materi-
als. In any structure that is ready to be dismantled, many or 
most of the materials can be salvaged and reused in a new 
home construction project. This environmentally friendly 
process is called “deconstruction” in contrast to demolition 
which send tons of debris to landfills. With deconstruction, a 
building is taken apart in a way so that every component of 
the building that can be reused, re-purposed or recycled. The 
process of recycling is inherently sustainable because it both 
reduces the amount of resources necessary to produce new 
building materials, and re-using these already-made materials 
means we can produce less waste.  It is especially important 
to recycle lumber. The EPA estimates that more than a billion 
board feet of lumber is simply thrown away each year.36 Apart 
from the environmental and economic advantages to building 
with reclaimed lumber, this type of old-growth wood is often 
more structurally sound compared with lumber on the market 
today. 
Old growth forests have been over-logged for centuries and 
there are very few of these old forests left. Conservation 
efforts offer the solution of “managing” forests, the outcome 
of which is forests full of “new growth” trees. Today, the lum-
ber that we build with is usually logged from these relatively 
young forests. The difference in density and stability of a new 
growth tree compared to an old growth tree is large.
Habitat for Humanity families often work full time and as such, 
the materials used in their homes must be long-lasting and low 
maintenance, as they do not have the time or the money for 
upkeep of materials. My design employs SIP construction with 
metal roofing. Compared with other types of roofing, metal 
roofs are low-cost and sustainable. Metal roofing is protect-
ed by highly durable paints and coating, ensuring a lifetime of 
40 years of more and protection against severe weather. Met-
al roofing contains 25-95% recycled materials and is virtually 
100% recyclable. Metal is also very energy efficient. ENERGY 
STAR-labeled metal helps lower heating and cooling costs.30
In my design, many of the dwellings are attached, mean-
ing that total material and land usage can be reduced, and 
many energy systems can be shared. The eight acre site 
has space left over to leave as a central, shared courtyard. 
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Design Inspiration and Evolution
Galgebakken community, Denmark
Jystrup Savværk co-housing community,
Denmark
Koinania Farm
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Design Evolution
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Concept Drawing
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Final Design
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